Abstract This work was aimed at studying cytopathogenic agents isolated from the environment by adopting, in parallel, various techniques currently used in clinical virology. The purpose of this research was not only to identify the viral species isolated but also to verify the most reliable protocols for environmental applications.
Introduction
Virus research in environmental matrices, most of all in urban wastewater, is of great interest both for viral risk evaluation and epidemiological studies. The finding of viral particles in sewage allows (a) the monitoring of the circulation of different kinds of virus in the environment, (b) the construction of data-banks necessary for a complete identification of agents present in the environment and (c) detection of possible mutant vaccine strands of poliovirus. Cultural techniques, when applicable, are very useful, since they allow detection of infective particles and allow replication for further investigation. However, viral agents are very difficult to detect, due to the extreme heterogeneity of viral species in environmental samples and the possibility of multiple contaminations and interference (Carducci et al., 2002) .
Materials and methods
In the present study, 21 aerosol samples from four nationally distributed activated sludge plants were analysed. The samples, after a first phase of elution and decontamination, were inoculated onto BGM cell monolayers (Carducci et al., 2000) and cytopathic effect (CPE) confirmed with three passages. The same samples were then newly seeded in "shell vials" of three continuous cell lines (BGM, RD, Hep-2) in order to test the infectivity of viral agents present, to reduce the time required for an increase in the CPE and to detect possible differences in the cytopathogenic spectrum (Johnston and Siegel, 1990) . Subsequently, identification of viral isolates was attempted by performing and combining the following techniques: (a) sero-neutralisation to detect enterovirus by using specific antiserum pools; (b) electron microscopy with simple negative-staining technology to detect virions through the observation of enteric virus characteristic morphology and dimensions; (c) gene amplification with RT-PCR, to find RNA of entero-, reo-, rota-, Norwalk-like and hepatitis A viruses with adenoviruses being monitored using nested-PCR (Puig et al., 1994; Gilgen et al., 1997; Carducci et al., 2003) ; (d) polyacrylamide gel electrophoresis (PAGE) to detect the segmented genome of Reoviridae; (e) enzyme-linked immunoadsorbent assay (ELISA) to detect human antigens for adenovirus and rotavirus in ultracentrifuged and unultracentrifuged culture liquids. The 21 cytopathogenic samples selected in this work showed, by the conventional virus isolation procedure in flask using BGM cell-line, weak CPE which was slow to appear and difficult to characterise. The presence of viral infective particles was confirmed by seeding lysates into shell-vials of BGM, Hep-2, and RD cells (Table 1) . Only one sample (7A) out of 21 (5%) did not show any cytopathic effect in these cell lines suitable for the propagation of the main enteric viruses, probably because of virus loss during the different passages. However, 18/21 (86%) samples showed CPE in the three cell lines without any particular difference in the cytopathogenic spectrum, viral isolation and propagation. For one sample (17A), the CPE could be observed on BGM and Hep-2 but not on RD, while, for another (sample 3A), the cytopathic effect appeared at the third passage only in the BGM line.
The current study highlighted the fact that CPE could appear after only 3-4 d with the shell vials, whilst 6-8 d were needed with flask cultures to obtain the same effect -depending on the types of cell lines used and on the number of passages. Smith and Gerba (1982) demonstrated that shell vials seed including a low-speed centrifugation step helped viral adsorption. This rapid cell culture technique suited the replication in vitro of viral species difficult to cultivate, such as rotavirus, improving their infective efficiency 1,000-fold.
Sero-neutralisation, a technique widely used in clinical virology, gave no significant results, probably due to the low viral titres and the weakness of the observed cytopathic effect. Others have also encountered the same difficulties of identifying enteroviruses when these are isolated from cerebrospinal fluid (Siafakas et al., 2000 (Siafakas et al., , 2001 .
Electron microscopy with simple negative-staining technology showed the presence of enteric viruses in the culture liquids analysed and allowed the identification of the family of the viral agents found. Viruses of 30-nm diameter with typical icosahedral symmetry were detected in 18/21 (86%) samples. Their morphologies and dimensions indicated that they were Picornaviridae (enterovirus-like particles), and their high concentration was probably a consequence of the amplification during the different cellular passages. Another kind of virion was observed in eight (38%) samples (T5, T17, T19, T21, S4, 10A, 18A, 22A) which had the characteristic morphology and size (65-75 nm) of members of the Reoviridae. They were present simultaneously with enterovirus-like particles but at a lower concentration ( Figure 1 ). PCR assays for the detection of Norwalk-like viruses, HAV, rotavirus and enteric adenovirus genomes were negative for all the samples analysed. ELISA for the detection of both adenovirus serotypes and human rotavirus (group A) also gave negative results. However, one positive (5%) was obtained with RT-seminested-PCR for enterovirus; the sequencing of the 400 bp electrophoretic band confirmed the presence of human poliovirus 2 D00625.1 (sample T21). RT-PCR for reovirus gave two positives (9%) in samples 10A and 22A which, when identified by sequencing, were reovirus AJ133083.1 and reovirus AJ133079.1 respectively. PAGE showed six (28%) positives (T19, T21, S4, 10A, 18A, 22A), but only three (10A, 18A and 22A) showed the characteristic profile of the 10 segments of the reovirus genome, divided in the three classes L, M, and S, following the standard pattern 3:3:4.
Conclusions
In this work, samples that showed a cytopathic effect on cell-lines and were positive by at least two techniques were considered as identified. According to this principle, the current study allowed certain identification of reovirus in two samples (10A and 22A) and enterovirus in one sample (T21). The cell-culture isolation procedure remains the gold standard to detect cytopathogenic agents. Nevertheless, electron microscopy, that allowed the detection of both entero-like and reovirus particles, could represent a suitable investigative tool when the viral agents' heterogeneity is difficult to identify (Taylor et al., 1997) . Given the difficulty in achieving an exact identification of enteric virus isolates, this study confirmed the need to integrate various techniques (biomolecular, immunological and electron microscopy) in order to obtain a suitable protocol for the identification of cytopathogenic isolates applicable in environmental virology. Biomolecular techniques, and PCR in particular, appeared to be of great utility to identify the isolated virus and its host-specificity. In fact, the presence of enterovirus-like particles in most of the samples, not identified with the RT-seminested-PCR, could indicate the presence of enterovirus infecting other animal species. In order to understand the dynamics of enteric viruses in the environment and the possibility of movement from animal to human hosts (due to the viruses' ability to mutate rapidly), it would be necessary to specifically detect and identify viruses to properly evaluate the sanitary risk. 
